The purpose of this study was to examine the physiological changes in elite wheelchair basketball players leading up to the 2000 Paralympics. Twelve male players attended regular physiological assessments on six occasions; averaged data of two sessions for each year were used. Physiological measures included body mass, skinfold measurements, peak oxygen uptake and peak power obtained during maximal sprinting. VO 2 peak signifi cantly increased from 2.65 to 2.83 L·min -1 prior to the Paralympics. Training had little infl uence on the anthropometric measurements or maximal sprinting data. In conclusion, the GB wheelchair basketball players appeared to have high levels of aerobic and anaerobic fi tness. The longitudinal physiological profi les leading to the 2000 Paralympics suggest that players improved their aerobic base while maintaining other fi tness prerequisites.
Wheelchair basketball is a high profi le sport within the Paralympics. It has traditionally been considered as a multiple sprint sport, with players covering about 5 km in a 40 min time span. During this time, 10% of the activity consists of high intensity bursts of intermittent effort (Coutts, 1992) . It has, however, been acknowledged by Huckstep (1994) , through the study of work-intensity ratios during wheelchair basketball, that the system as a whole leans toward the aerobic end of the continuum. In the UK, one noticeable change in wheelchair basketball training routines over recent years has been in the reduction of anaerobic training consisting of specifi c drills, scrimmages, and games with aerobic based routines. Coaches and sport scientists working with elite wheelchair athletes have recognized the importance for aerobic fi tness as a base. It has been considered that if a wide aerobic base exists, then this will help sustain high peak fi tness throughout the year and/or across a major tournament (Huckstep, 1994) . Furthermore, it should allow for a greater recovery between high intensity bouts of activity and therefore a higher overall game intensity. Vanlandewijck, Daly, and Theisen (1999) stated that a full examination of wheelchair basketball players should include at least an assessment of aerobic capacity, anaerobic capacity, and specifi c wheelchair basketball skills. To date, a variety of basketball skill based testing does exist; however, there is current debate as to whether the basketball skills are representative for a game as complex as wheelchair basketball (Brasile & Hedrick 1996; Vanlandewijck et al., 1999) . This paper reports the results of a physiological support program of the GB wheelchair basketball players in preparation for the Sydney 2000 Paralympic Games. Physical and physiological variables determined at regular intervals throughout the study included body composition, peak oxygen uptake, and peak power output during a maximal sprint test. These measures were used to assess the impact of the World Class Performance Program (WCPP) that commenced in 1998 and to provide a comprehensive picture of the training adaptations of wheelchair athletes.
There is evidence to suggest that trained wheelchair athletes of different sports differ in physiological and metabolic responses to wheelchair propulsive exercise (Gass & Camp, 1979; Rotstein et al., 1994; Veeger, Yahmed, Woude, & Charpentier, 1991; Woude, Bouten, Veeger, & Gwinn, 2002) . Despite these studies providing normative data for specifi c wheelchair sporting populations, information is sparse relating to the physiological changes across time (Desjardins, 1984; Miles et al., 1982) . The limited amount of knowledge for elite wheelchair athletes in preparation for a major competition may be due to a number of reasons, such as population availability and/or standardization of appropriate disability specifi c methods and instrumentation (Hutlzer, 1998) . Close examination of the changes that occur in a number of physiological variables considered to be important indicators of wheelchair basketball performance throughout an extended preparation may give some insight to the coach and sport scientist.
The purpose of this study was to focus on the aerobic and anaerobic assessment of wheelchair basketball players using a wheelchair ergometer, with the primary objective to examine the physiological changes of elite wheelchair basketball players to a 28-month WCPP training program leading to the 2000 Paralympic Games.
Method

Participants
During the period of May 1998 to August 2000, the GB head coach invited wheelchair basketball players to trial for the GB National squad. This resulted in a total of 28 players completing one or more physiological testing sessions. Twelve players, 17 to 38 yrs of age, completed all six of the sessions. All participants gave written informed consent prior to involvement in the WCPP Sport Science Program. Approval for the physiological testing procedures was obtained from the University Research Ethics Committee. All the participants were considered world class athletes having competed regularly at National and International level and being part of the GB squad in preparation for the Paralympic Games. The IWBF Paralympic basketball classifi cation and participant demographic data are presented in Table 1 .
Training
During the 28-month period, all GB training was led by the head coach in conjunction with advice given to participants from their club coaches during the winter and spring months. Fitness training advice was given to participants on the basis of periodized training plans by the GBWBA sport scientist. The initial phase 1998-1999 involved a fi tness education initiative concerning the transition from being part-time to full-time athletes. This period involved general conditioning work and training based upon individual HR profi le data obtained in the laboratory. The following 12-month period leading up to the Sydney Paralympics in October 2000 incorporated an emphasis on endurance training. Club and individual training took place on a weekly basis, GB residential camps were scheduled monthly, elite one-day training sessions took place bimonthly, and GB regional based training two to three times per week. On average, each player completed 20 hours of physical and skills based training per week. Table 2 illustrates a typical 3 hr GB regional training session, the corresponding HR from one individual player is shown in Figure 1 . This fi gure shows that the exercise intensity corresponded to 72% of HRpeak, with a maximum value of 174 bt·min -1 and average of 130 bt·min -1 across the three-hour period.
Instrumentation
All testing was performed using a computerized wheelchair ergometer (WERG) (Bromakin UK, length, 1.17m circumference, 0.48m). Each participant used his own basketball sports wheelchair. Once secured onto the WERG, each participant performed a standard calibration procedure as described by Goosey, Campbell, and Fowler (2000) , which resulted in a rolling resistance of 15.9N, meaning that similar velocities were achieved on the roller to those on a basketball court. The player and basketball wheelchair was considered as one integrated unit, so any changes Figure 1 -Heart rate during a typical regional training session described in in chair confi guration were not controlled for over time. As a result, changes in physiological performance data are to be attributed to the combined effects of training and changes in chair confi guration.
Data Collection
The testing session was divided into three parts and for all sessions commenced at the same time of day (10-11 a.m. ) and was conducted by the same experimenter using the same test protocols and equipment. The fi rst part comprised of anthropometric measurements, the second included measurements for determination of VO 2 peak, and the third a sprint performance test.
Body mass was measured to the nearest 0.1 kg for each participant using a seated beam balance scale (Seca, Germany). Skinfolds were determined at the biceps, triceps, subscapular and supra-iliac using skinfold callipers (John Bull, St. Albans, England; Durnin & Womersley, 1974) . The sum of these four skinfold measurements was calculated.
To determine VO 2 peak, each participant completed a continuous WERG test with 0.5 m·s-1 increments every min until volitional exhaustion. The starting power output was based on previous visits to the laboratory and was chosen to ensure that volitional exhaustion occurred within an 8-14 min period. Heart rate (HR) was monitored continuously using radio telemetry (PE4000 Polar Sport Tester, Kempele, Finland). Expired air samples were collected and analyzed using the Douglas bag technique over the last two consecutive stages of the test. The concentration of oxygen and carbon dioxide in the expired air samples was determined using a paramagnetic oxygen analyzer (Series 1400, Servomex Ltd., Sussex, UK) and an infrared carbon dioxide analyzer (Series 1400, Servomex Ltd., Sussex, UK). Expired air volumes were measured using a dry gas meter (Harvard Apparatus, Kent, UK) and corrected to standard temperature and pressure (dry). Oxygen uptake (VO 2 ), carbon dioxide output (VCO 2 ), expired min ventilation (V E ), and respiratory exchange ratio (RER) were calculated for each Douglas bag. The analyzers were calibrated with gases of known concentration before each test and the linearity of the gas meter was checked using a three-litre calibration syringe. On completion of the test, three min post, a small capillary blood sample was obtained from the earlobe, and analyzed for blood lactate concentration using a YSI 1500 Sport (Yellow Springs, USA). The criteria for a valid VO 2 peak was a peak RER value ≥ 1.10, and a peak HR ≥ 95% of age-predicted maximum (200 beats·min -1 minus chronological age; Lockette & Keyes, 1994) . All participants satisfi ed these criteria.
After two hours recovery, the participants performed the fi nal part of the test session. The anaerobic performance test involved participants to propel their wheelchair on the WERG as fast as they could for a period of 30 s. The test was conducted from a 1.5 m.s -1 rolling start, and the initiation of the test was on a 3, 2, 1 countdown. A fl ywheel photo-optic sensor linked to the roller and interfaced to a PC computer recorded the velocity of the roller at 100 Hz and calculated the power output at 1-sec intervals. On all tests, the peak velocity was achieved within ten seconds of the start of the test. The highest peak power output (POpeak) during the sprint was recorded; this is defi ned as the power output peak (peak power averaged over 1-sec). This test was considered to be a performance test by the coach that was realistic to propulsion on the basketball court, therefore external resistance was not increased to limit the peak velocity attained. Pilot work at our laboratory for both the test protocols and equipment described above suggests a high level of reliability.
Data Analysis
The descriptive statistics reported in the text and tables refer to the squad's means and standard deviations (± SD). The two physiological assessment sessions per year were performed in April-May and August-September (n = 6; 1998-2000) . Both assessments were considered as when the players were at their "peak" with assessment one representing the European club fi nals and assessment two at the end point of the GB season (Paralympics). In accordance with Jones (1998) , the results of the test sessions were averaged for each year to improve the confi dence that changes observed over time were due to real physiological changes.
Data were analyzed using a one-way analysis of variance with repeated measures (ANOVA). The Tukey post-hoc test was used to locate signifi cant differences in anthropometrical and physiological characteristics across time. Effect sizes were also calculated according to Hedges (1981) to determine the meaningfulness of the differences. An effect size > .80 was considered to show a large/meaningful difference and > .50 a moderate difference. Statistical signifi cance was set at the .05 level.
Results
When comparing the physiological monitoring sessions over the 28-month period, VO 2 peak increased from the pre-training value of 2.65 to 2.83 L· min -1 (P = 0.001) prior to the 2000 Paralympics (Table 3 ). The meaningfulness of this improvement was moderate with effect size values of . 66 and .74 between 1998 and 2000 and 1999 and 2000, respectively . Peak aerobic capacity was reached by all players, and typical peak HRs (200-age predicted) were recorded, with a range of 167-208 bt·min -1 . Peak BLa values ranged from 3.49 to 10.99 mmol·L -1 . Interestingly, the anthropmetric and VO 2 peak data remained fairly stable across 1998 to 1999. However, positive effects were evident during the year (1999 to 2000) leading up to the Sydney Paralympics where there was a tendency for the players to be leaner and have an improved peak aerobic capacity. Whereas, training had little infl uence on the POpeak attained during the sprint test, which remained around 120 W (Table 3) .
Discussion
The purpose of this study was to investigate changes in physiological variables induced by training and competition in World Class wheelchair basketball players during their preparations for a major sporting competition. The major fi nding from the present study was that the squads mean VO 2 peak increased from 2.65 to 2.83 L·min -1 (P = 0.001) prior to the Sydney 2000 Paralympics. This observed improvement compliments the training focus leading up to Sydney 2000, which was driven by improving the squad's endurance base. To meet this objective, a minimum of three weekly endurance sessions was introduced into the player's schedule. In addition, an overload endurance based camp was incorporated into the two, 2-wk residential camps leading up to September 2000. This 6.8% improvement in VO 2 peak may be considered small when comparisons are made with the work of Miles and co-workers (1982) , but does support the fact that basketball is suitable for cardiovascular training (Veeger et al., 1991) . Miles and co-workers (1982) demonstrated a 26% improvement in VO 2 peak after only eight weeks of training; however, this improvement is most likely the result of the relatively low initial level of aerobic fi tness. Nevertheless, it was evident, although to a much smaller scale, that further cardiovascular improvement even from a relatively high initial baseline are still possible.
The VO 2 peak prior to departure to the 2000 Paralympic Games (2.83 ± 0.53 L · min -1 , which ranged from 2.10 to 4.04 L· min -1 ) is higher than previous studies (Miles et al., 1982; Rotstein et al., 1994) , but similar to the work of Veeger et al. (1991) , who reported a mean value of 2.70 ± 0.60 L · min -1 . Much of the previous literature is dated and includes athletes who competed in the 80s. Therefore, it seems logical to assume that technical advances in wheelchair design, improvements in mechanical effi ciency in conjunction with improved training regimes, are largely responsible for these improvements in the observed peak oxygen uptake values (Cooper, 1990; Vinet et al., 1990) . Moreover, these current aerobic conditioning levels may also refl ect the development of specialized coaching and conditioning structures and access to training venues that are now in place following the introduction of WCPP funding in British Paralympic sport. These data extend the fi ndings of wheelchair users by providing physiological standards of GB Paralympic wheelchair basketball players.
On the other hand, prior to the increase in VO 2 peak observed during the year leading up to the 2000 Paralympics, VO 2 peak had remained stable across 1998 to 1999. During this period of time, it is possible that the players were following inappropriate individual training sessions. It is important to note the training principles employed for the able-bodied (AB) athlete are not directly transferable to the wheelchair athlete (Jacobs, Mahoney, Nash, & Green, 2002; Tolfrey, Goosey-Tolfrey, & Campbell, 2001 ). The lack of knowledge and understanding of Paralympic sport by physical education instructors in the UK means that effective training principles for the wheelchair athlete are still being developed. There is a smaller margin between an effective stimulus and overtraining for the wheelchair athlete, and as a consequence, it became evident that players were following AB training programs with inappropriate recovery periods and training volumes. Hence, the lack of any observed effects of training on VO 2 peak may be attributable to the athletes accumulating fatigue rapidly and as a consequence overtraining (Petibois, Cazorla, Poortmans, & Deleris, 2002) . In general, considering the following maintenance then gradual improvement in VO 2 peak, it was surprising to fi nd that there were no meaningful improvement in body composition. Pollock and colleagues (1974) reported signifi cant reductions in percentage body fat following a 20-week training program. However, in hindsight, we must consider the status of individuals when they commence a training program to make any judgment as to the effectiveness of that particular training program. Furthermore, it is also important to consider in the nature and onset of disability, as this would infl uence the amount of muscle mass that can be a target training stimuli. As noted previously, the athletes in the present study had already engaged in high level European club level competition prior to their selection onto the WCPP and as a result, already had relatively high levels of aerobic and anaerobic fi tness prerequisites. Furthermore the sum of the four skinfolds compare well to trained male wheelchair racers (Goosey et al., 2000) and were not considered to be a priority in the training program.
Compared with other athletes, the GB wheelchair basketball players' anaerobic performances are similar to previously reported national basketball players and track and fi eld athletes (Coutts & Stogryn, 1987; Hutlzer, 1998; Miles et al., 1982) . However, comparisons of such data are limited due to differences in research instrumentation and resistive loads used (Hutlzer, 1998) . Nevertheless, the lack of improvement in POpeak raises the question of specifi city of adaptation and transfer of anaerobic based training or with the actual measurement of maximal anaerobic power due to the limited resistance (braking load) used in this high velocity test. Since improvements were seen in VO 2 peak, it is highly likely that the limited POpeak increase over the three years could be attributed to the coordination limiting factor, thus creating a ceiling effect for the achievable peak power rather than muscular function.
In conclusion, this study indicated that the GB wheelchair basketball squad already had relatively high levels of aerobic and anaerobic fi tness prerequisites prior to the commencement of WCPP lottery funding. Nevertheless, the extensive training program, which evolved over the 28-month period, resulted in an improvement in the athlete's aerobic base and with the maintenance of other fi tness prerequisites. Since no general improvement appeared for the whole sample in anaerobic POpeak, further work is necessary to explore the individual differences by classifi cation. This would require a greater sample size covering all playing classifi cations (1.0 to 4.5 IWBF classes). Improvement in anaerobic power is particularly important for the low point players who lack in wheelchair skill due to their trunk instability. Any improvement in their anaerobic power could be signifi cant on court.
